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the performance of the biosensor Z is deteriorated. 

Further, it is considerably troublesome to insert the 
correction chip for every measurement, and when it is forgotten 
to insert the correction chip, a correction chip for example 
for measuring lactic acid value is inserted by mistake, or a 
correction chip which is for measuring blood sugar level but 
has different output characteristics is inserted, there occurs 
an error in a measured result. 

The present invention is made to solve the above-mentioned 
problems, and has for its object to provide a biosensor which 
can be formed by a simple manufacturing method and has a high 
measuring accuracy, a biosensor in which a reagent layer is 
disposed uniformly on electrodes regardless of a reagent liquid 
composition, resulting in an uniform performance, a biosensor 
which enables a measuring device to discriminate correction 
data for each production lot only by being inserted therein 
without a correction chip being inserted, a thin film electrode 
forming method for these biosensors, as well as a method and an 
apparatus for quantifying using the biosensors . 

DISCLOSURE OF THE INVENTION 

According to the present invention, there is provided a 
biosensor for quantifying a substrate included in a sample 
liquid comprising: a first insulating support and a 
second insulating support; an electrode part comprising at 
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least a working electrode and a counter electrode; a specimen 
supply path for introducing the saiaple liquid to the electrode 
part; and a reagent layer employed for quantifying the 
substrate included in the sample liquid^ and the electrode part, 
the specimen supply path, and the reagent layer exist between 
the first insulating support and the second insulating support, 
the specimen supply path is provided on the electrode part, and 
the reagent layer is provided on the electrode part in the 
specimen supply path, respectively, and the electrode part is 
dividedly formed by first slits provided on an electrical 
conductive layer which is formed on the whole or part of an 
internal surface of one or both of the first insulating support 
and the second insulating support • 

Since a biosensor is constructed as described above, an 
electrode part can be defined easily and with a high accuracy, 
and variations in response of each biosensor can be reduced, 
resulting in a favorable response. Further, the electrode part 
is formed in a monolayer of electrical conductive layer, 
whereby troubles can be reduced and an electrode part with a 
smooth surface can be formed by a simple method. Since the 
structure of the 'electrode part is quite simple, it is possible 
to easily form biosensors having the same performance. 

According to an embodiment of the present invention, in 
the biosensor, the electrode part further comprises a detecting 
electrode , 
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Since the biosensor is constructed as described above, it 
is possible to make the biosensor have a better accuracy. 

According to an embodiment of the present invention, in 
the biosensor, the counter electrode is provided on the whole 
or part of the internal surface of the second insulating 
support, the working electrode and the detecting electrode are 
provided on the whole or part of the internal surface of the 
first insulating support, and the working electrode and the 
detecting electrode which are provided on the internal surface 
of the first insulating support are dividedly formed by the 
first slits provided on the electrical conductive layer. 

Since the biosensor is constructed as described above, it 
is possible to downscale a specimen supply path, whereby a 
measurement can be done with a slight amount of specimen. 

According to an embodiment of the present invention, in 
the biosensor, the electrode part is provided on the whole or 
part of the internal surface of only the first insulating 
support, and the electrode part provided on the internal 
surface of the first insulating support is dividedly formed by 
the first slits provided on the electrical conductive layer. 

Since the biosensor is constructed as described above, all 
of the electrodes are provided on the same surface, and thus 
the electrodes are formed only on one surface, resulting in an 
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easier manufacture, whereby the manufacturing costs of the 
biosensor can be reduced. 

According to an embodiment of the present invention, in 
the biosensor, an area of the counter electrode is equal to or 
larger than that of the working electrode. 

Since the biosensor is constructed as described above, an 
electron transfer reaction between the counter electrode and 
the working electrode is prevented to be rate-determined, 
thereby promoting the reaction smoothly. 

According to an embodiment of the present invention, in 
the biosensor, a total of an area of the counter electrode and 
an area of the detecting electrode is equal to or larger that 
that of the working electrode. 

Since *the biosensor is constructed as described above, 
electron transfer reactions between the counter electrode as 
well as the detecting electrode and the working electrode are 
prevented to be rate-determined, thereby promoting the 
reactions smoothly . 

According to an embodiment of the present invention, in 
the biosensor, the area of the detecting electrode in the 
specimen supply path of the biosensor is equal to the area of 
the counter electrode. 

Since the biosensor is constructed as described above. 
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electron transfer reactions between the counter electrode as 
well as the detecting electrode and the working electrode are 
more reliably prevented to be rate-determined, thereby 
promoting the reactions smoothly - 

According to an embodiment of the present invention in 
the biosensor, a spacer is provided which has a cutout part for 
forming the specimen supply path and is placed on the electrode 
part, and the second insulating support is placed on the spacer. 

Since the biosensor is constructed as described above, the 
position where the specimen supply path is provided is fixed, 
and the second insulating support is placed thereon, thereby 
preventing the specimen introduced to the specimen supply path 
from leaking from the specimen supply path. 

According to an embodiment of the present invention, in 
the biosensor, the spacer and the second insulating support is 
integral. 

Since the biosensor is constructed as described above, the 
spacer and the second insulating support is integral, thereby 
to enable a cost reduction and a simple manufacture. 

According to an embodiment of the present invention, in 
the biosensor, an air hole leading to the specimen supply path 
is formed - 

Since the biosensor is constructed as described above, 
excessive air is discharged from the air hole when the specimen 



d/66 * RCVD AT 3/3/2005 9:37:48 AM [Eastern Standanl Time] * SVR:USPTO>EFXRF*1/24 * DMS:27313i3 " CSID:1 212 338 8001 * DURATION (mm-3S):19-18 



rifiR-03-2005 09:40 



ARE 



1 212 336 8001 P. 10 



13 

is introduced to the specimen supply path, thereby reliably 
introducing the specimen to the specimen supply path due to the 
capillary phenomenon- 

According to an embodiment of the present invention, in 
the biosensor, the reagent layer is formed by dripping a 
reagent, and second slits are provided around a position where 
the reagent is dripped - 

Since the biosensor is constructed as described above, 
when the reagent is dripped on the electrodes for the reagent 
layer formation, thereby forming the reagent layer , the reagent 
spreads uniformly forming the reagent layer of a prescribed 
area at the prescribed position, whereby the reagent layer free 
from variations in the position and area can be formed, 
resulting in a correct measurement free from the variations. 

According to an embodiment of the present invention, in 
the biosensor, the second slits are arc shaped. 

Since the biosensor is constructed as described above, the 
spread of the reagent is defined by the slits which have the 
same shapes as that of the reagent spread, thereby defining the 
area and the position of the reagent layer more correctly. 

According to an embodiment of the present invention, in 
the biosensor, third slits are provided for dividing the 
electrical conductive layer to define an area of the electrode 
part* 
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Since the biosensor is constructed as described above, 
when the support is initially cut at the manufacturing process 
of the biosensor, the area of each electrode is previously 
defined by the third slits, whereby the area of each electrode 
does not change due to the cut position of the support, thereby 
preventing variations in the accuracy. 

According to an embodiment of the present invention, in 
the biosensor, shapes of the first insulating support and the 
second insulating support are approximately rectangular, and 
one third slit or two or more third slits are provided in 
parallel with one side of the approximate rectangle shape. 

Since the biosensor is constructed as described above, the 
area of each electrode can be defined easily by the third slits, 
and the area of each electrode does not change due to 
deviations of the cut position when the support is cut, 
resulting in no variation in the accuracy. 

According to an embodiment of the present invention, the 
biosensor has information of correction data generated for each 
production lot of the biosensor, which correspond to 
characteristics concerning output of an electrical change 
resulting from a reaction between the reagent liquid and the 
reagent layer and can be discriminated by a measuring device 
employing the biosensor. 

Since the biosensor is constructed as described above, the 
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measuring device can discriminate which the correction data is 
required, only by inserting the biosensor into the measuring 
device, and there is no need for a user to input the 
information about the correction data employing a 665flf6Ctioh 
chip or the like, thereby removing troubles and preventing 
operational errors to obtain a correct result. 

According to an embodiment of the present invention, in 
the biosensor, one or plural fourth slits dividing the 
electrode part are provided, and the measuring device can 
discriminate the information of the correction data according 
to positions of the fourth slits - 

Since the biosensor is constructed as described above, the 
measuring device can discriminate the information of the 
correction data by the positions of the fourth slits, the 
correction data can be indicated correspondingly to plural 
production lots, the measuring device can easily discriminate 
which correction data is required, by inserting the biosensor 
into the measuring device, whereby there is no operational 
trouble, resulting in preventing operational errors to obtain a 
correct result . 

According to an embodiment of the present invention, in 
the biosensor, at least one or all of the first slits, the 
second slits, the third slits, and the fourth slits are formed 
by processing the electrical conductive layer by a laser. 
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Since the biosensor is constructed as described above, a 
high-accuracy processing is possible, the area of each 
electrode can be defined with a high accuracy, and further the 
clearance between the respective electrodes can be narrowed, 
resulting in a small-size biosensor. 

According to an embodiment of the present invention, in 
the biosensor, a slit width of respective one of the first 
slits, the second slits, the third slits, and the fourth slits 
is 0-005 mm to 0.3 mm. 

Since the biosensor is constructed as described above, the 
clearance between the respective electrodes can be narrowed, 
resulting in a small-size biosensor. 

According to an embodiment of the present invention, in 
the biosensor, a slit depth of respective one of the first 
slits, the second slits, the third slits, and the fourth slits 
is equal to or larger than the thickness of the electrical 
conductive layer - 

Since the biosensor is constructed as described above, 
there can be obtained a biosensor in which the respective 
electrodes are surely separated. 

According to an embodiment of the present invention, in 
the biosensor, the reagent layer includes an enzyme. 

Since the biosensor is constructed as described above, 
there can be obtained' an enzyme biosensor suitable for an 
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inspection which employs the enzyme. 

According to an embodiment of the present invention, in 
the biosensor, the reagent layer includes an electron transfer 
agent . 

Since the biosensor is constructed as described above, 
there can be obtained a biosensor suitable for an inspection 
utilizing a reaction of the electron transfer agent. 

According to an embodiment of the present invention, in 
the biosensor, the reagent layer includes a hydrophilic polymer. 

Since the biosensor is constructed as described above, 
there can be obtained a high-accuracy biosensor which can 
easily form the reagent layer. 

According to an embodiment of the present invention, in 
the biosensor, the insulating support is made of a resin 
material. 

Since the biosensor is constructed as described above, it 
is possible to manufacture a lower-cost biosensor. 

According to the present invention, there is provided a 
thin film electrode forming method for forming a thin film 
electrode on a surface of an insulating support including: a 
roughened surface foinming step of roughening the surface of the 
insulating support by colliding an excited gas against the 
surface of the insulating support in a vacuum atmosphere; and 
an electrical conductive layer forming step of 
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forming the electrical conductive layer as a thin film 
electrode which is composed of a conductive substance on the 
roughened surface of the insulating support. 

Since the thin film electrode is formed as described above, 
a preprocessing such as a surface polishing processing is not 
required, whereby it is possible to form the thin film 
electrode by a simpler method and to form the thin film 
electrode with high adhesion between the support and the 
electrode layer . 

According to an embodiment of the present invention, in 
the thin film electrode forming method, the roughed surface 
forming step comprises : a support placing step of placing the 
insulating support in a vacuum chamber; an evacuation step of 
evacuating the vacuiim chamber; a gas filling step of filling up 
the vacuum chamber with a gas; and a colliding step of exciting 
the gas to be ionized and colliding the same against the 
insulating support. 

Since the thin film electrode is formed as described above, 
it is possible to form the support surface suitable for foifming 
the thin film electrode more effectively and reliably, thereby 
forming the thin film electrode more effectively. 

According to an embodiment of the present invention, in 
the thin film electrode forming method, a degree of the vacuum 
in the evacuation step is within a range of 1X10"^ to 3X10"^ 
pascals, 
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Since the thin film electrode is formed as described above, 
it is possible to form the support surface suitable for forming 
the thin film electrode more reliably, thereby forming the thin 
film electrode more effectively. 

According to an embodiment of the present invention, in 
the thin film electrode forming method, the gas is an inert gas. 

Since the thin film electrode is formed as described above, 
the support surface can be made in a state suitable for forming 
the thin film electrode without denaturing the support surface. 

According to an embodiment of the present invention, in 
the thin film electrode forming method, the inert gas is either 
a rare gas of argon^ neon, helium, krypton, and xenon, or 
nitrogen - 

Since the thin film electrode is formed as described above, 
there can be formed the thin film electrode more reliably 
without denaturing the support surf ace - 

According to an embodiment of the present invention, in 
the thin film electrode forming method, the electrical 
conductive layer forming step comprises: a second support 
placing step of placing an insulating support having an already 
roughened surface, which has been subjected to the roughened 
surface forming step, in a second vacuum chamber; a second 
evacuation step of evacuating the second vacuum chamber; a 
second gas filling step of filling 
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up the second vacuijm chamber with a second gas; and a step of 
exciting the second gas to be ionized and colliding the same 
against a conductive substance to beat out atoms of the 
conductive substances, to form a film on the insulating support 
having the already roughened surface. 

Since the thin film electrode is formed as described above, 
a preprocessing such as a surface polishing processing is not 
required and the thin film electrode with higher adhesion to 
the support can be obtained. 

According to an embodiment of the present invention, in 
the thin film electrode forming method, the electrical 
conductive layer forming step comprises: a second support 
placing step of placing an insulating support having an already 
roughened surface, which has been subjected to the roughened 
surface forming step, in a second vacuum chamber; a second 
evacuation step of evacuating the second vacuum chamber; and a 
step of heating and evaporating a conductive substance to 
deposit steams as a film on the insulating support having the 
already roughened surface. 

Since the thin film electrode is formed as described above, 
a preprocessing such as a surface polishing processing is not 
required and the thin film electrode with higher adhesion to 
the support can be obtained. 

According to an embodiment of the present invention, in 
the thin film electrode forming method. 
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a degree of the vacuum in the second evacuation step is within 
a range of 1X10'^ to 3X10'^ pascals. 

Since the thin film electrode is formed as described above, 
there can be more reliably formed the thin film electrode with 
remarkably high adhesion to the support. 

According to an embodiment of the present invention, in 
the thin film electrode forming method, the second gas is an 
inert gas . 

Since the thin film electrode is formed as described above, 
there can be formed the thin film electrode with high adhesion 
to the support without denaturing the support surface and the 
thin film electrode itself. 

According to an embodiment of the present invention, in 
the thin film electrode forming method, the inert gas is either 
a rare gas of argon, neon, helium, krypton and xenon, or 
nitrogen. 

Since the thin film electrode is formed as described above, 
there can be more reliably formed the thin film electrode with 
high adhesion to the support without denaturing the support 
surface and the thin film electrode itself. 

According to an embodiment of the present invention, in 
the thin film electrode forming method, the vacuum chamber and 
the second vacuum chamber is the same chamber. 

Since the thin film electrode is formed as described above. 
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a facility for fojnning the thin film electrode can be 
simplified and thus the manufacturing cost of the thin film 
electrode can be reduced. 

According to an embodiment of the present invention^ in 
the thin film electrode forming method, the conductive 
substance is a noble metal or carbon. 

Since the thin film electrode is formed as described above, 
the thin film electrode is composed of not a composite material 
but a single substance material, thereby enabling a mass 
manufacture of stable electrodes, which is not influenced by 
the manufacturing conditions and which has a less difference in 
material lots . 

According to an embodiment of the present invention, in 
the thin film electrode forming method, a thickness of a formed 
thin film electrode is within a range of 3 nm to 100 nm. 

Since the thin film electrode is formed as described above, 
the thickness of the electrode can be thinned as much as 
possible, thereby to enhance a production tact as well as 
reduce a manufacturing cost due to a reduction of the material 
cost . 

According to an embodiment of the present invention, in 
the biosensor^ the electrical conductive layer is formed by the 
thin film electrode forming method. 
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Since the biosensor is formed as described above, the thin 
film electrode reflects unevenness on the support surface which 
is processed into a roughened surface, so that the wettability 
and adhesiveness between the electrode and the reagent is 
enhanced/ resulting in a high performance biosensor. 

According to an embodiment of the present invention, there 
is provided a quantification method for quantifying, by 
employing the biosensor, a substrate included in a sample 
liquid supplied to the biosensor comprising: a first 
application step of applying a voltage between the detecting 
electrode and the counter electrode or the working electrode; a 
reagent supplying step of supplying the sample liquid to the 
j^eagent layer; a first change detecting step of detecting an 
electrical change occurring between the detecting electrode and 
the counter electrode or the working electrode by the supply of 
the sample liquid to the reagent layer; a second application 
step of applying a voltage between the working electrode and 
the counter electrode as well as the detecting electrode after 
the electrical change is detected in the first change step; and 
a current measuring step of measuring a current generated 
between the working electrode and the counter electrode as well 
as the detecting electrode, to which the voltage is applied in 
the second application step. 

Since the quantification is performed as described above, 
the quantification operation is started when the electrical 
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change occurs between the detecting electrode and the working 
electrode or the counter electrode of the biosensor, thereby 
preventing measuring errors due to the shortage of the specimen 
amount supplied to the reagent layer, resulting in a higher 
accuracy measurement. Further, when the measurable amount of 
specimen is supplied to the reagent layer, the measurement is 
performed by using the detecting electrode also as the counter 
electrode, thereby making the area of the electrode part 
smaller, and thus a quantitative analysis based on a slight 
amount of specimen can be performed correctly. 

According to an embodiment of the present invention, there 
is provided a quantification method for quantifying, by 
employing the biosensor, a substrate included in a sample 
liquid supplied to the biosensor comprising: a third 
application step of applying a voltage between the detecting 
electrode and the counter electrode or the working electrode as 
well as between the working electrode and the counter 
electrode; a reagent supplying step of supplying the sample 
liquid to the reagent layer; a first change detecting step of 
detecting an electrical change occurring between the detecting 
electrode and the counter electrode or the working electrode by 
the supply of the sample liquid to the reagent layer; a second 
change detecting step of detecting an electrical change 
occurring between the working electrode and the counter 
electrode by the supply of the sample 
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liquid to the reagent layer; a second application step of 
applying a voltage between the working electrode and the 
counter electrode as well as the detecting electrode after the 
electrical changes are detected in the first change detecting 
step and the second change detecting step; and a current 
measuring step of measuring a current generated between the 
working electrode and the counter electrode as well as the 
detecting electrode, to which the voltage is applied in the 
second application step. 

Since the quantification is performed as described above, 
the quantification operation is started when the electrical 
change occurs between the detecting electrode and the working 
electrode or the counter electrode of the biosensor / thereby 
preventing measuring errors due to the shortage of the specimen 
amount supplied to the reagent layer, resulting in a higher 
accuracy measurement. Further, when the measurable amount of 
specimen is supplied to' the reagent layer, the measurement is 
performed by using the detecting electrode also as the counter 
electrode, thereby making the area of the electrode part 
smaller, and thus quantitative analysis based on a slight 
amount of specimen can be performed correctly. 

According to an embodiment of the present invention, in 
the quantification method, the second change detecting step is 
followed by a no-change informing step of informing a user that 
no change occurs when it is detected 
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that no electrical change occurs between the detecting 
electrode and the counter electrode or the working electrode 
for a prescribed period of time. 

Since the quantification is performed as described above, 
it is possible to inform a user that there is a shortage of the 
specimen amount supplied to the reagent layer of the biosensor, 
resulting in the quantification method with enhanced 
convenience and safety. 

According to an embodiment of the present invention, there 
is provided a quantification apparatus, to which the biosensor 
is detachably connected and which quantifies a substrate 
included in a sample liquid supplied to the biosensor 
comprising: a first current /voltage conversion circuit for 
converting a current from the working electrode included in the 
biosensor into a voltage; a first A/D conversion circuit for 
digitally converting the voltage from the current/voltage 
conversion circuit; a first switch provided between the counter 
electrode included in the biosensor and the ground; and a 
control part for controlling the first A/D conversion circuit 
and the first switch, and the control part applies a voltage 
between the detecting electrode and the working electrode in a 
state where the first switch is insulated from the counter 
electrode, detects an electrical change between the detecting 
electrode and the working electrode occurring by the sample 
liquid which is supplied to 
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the reagent layer on the specimen supply path, thereafter 
applies a voltage between the working electrode and the counter 
electrode as well as the detecting electrode in a state where 
the first switch is connected to the counter electrode, and 
measures a response current generated by applying the voltage* 

Since the quantification apparatus is constructed as 
described above, measuring errors due to the shortage of the 
specimen amount supplied to the reagent layer of the specimen 
supply path are prevented, resulting in a higher accuracy 
measurement. Further, the detecting electrode of the biosensor 
is used also as the counter electrode at the measuring, so that 
the specimen supply path can be downscaled, thereby to perform 
a quantitative analysis of a slight amount of specimen 
correctly. 

According to an embodiment of the present invention, there 
is provided a quantification apparatus, to which the biosensor 
is detachably connected and which quantifies a substrate 
included in a sample liquid supplied to the biosensor 
comprising: a first current/voltage conversion circuit for 
converting a current from the working electrode included in the 
biosensor into a voltage; a second current /voltage conversion 
circuit for converting a current from the detecting electrode 
included in the biosensor into a voltage; a first A/D 
conversion circuit for digitally converting the voltage from 
the first current /voltage 
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conversion circuit; a second A/D conversion circuit for 
digitally converting the voltage from the second 
current/voltage conversion circuit; a first selector switch for 
switching the connection of the detecting electrode of the 
biosensor to the first current/voltage conversion circuit or 
the ground; and a control part for controlling the first A/D 
conversion circuit, the second A/D conversion circuit, and the 
first selector switch, and the control part applies a voltage 
between the detecting electrode and the counter electrode as 
well as between the working electrode and the counter electrode 
in a state where the first selector switch is connected to the 
first current/voltage conversion circuit, detects an electrical 
change between the detecting electrode and the working 
electrode as well as an electrical change between the working 
electrode and the counter electrode, respectively, occurring by 
the sample liquid which is supplied to the reagent layer 
provided on the specimen supply path, thereafter connects the 
first selector switch to the ground, applies a voltage between 
the working electrode and the counter electrode as well as the 
detecting electrode, and measures a response current generated 
applying the voltage. 

Since the quantification apparatus is constructed as 
described above, measuring errors due to the shortage of the 
specimen amount supplied to the reagent layer of the specimen 
supply path are prevented, resulting in a higher accuracy 
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measurement. Further, the detecting electrode of the biosensor 
is used also as the counter electrode at the measuring, so that 
the specimen supply path can be downscaled, thereby to perform 
a quantitative analysis of a slight amount of specimen 
correctly. 

According to an embodiment of the present invention, the 
quantification apparatus comprises; a second selector switch 
for switching the connection of the working electrode of the 
biosensor to the second current/voltage conversion circuit or 
the ground, and the control part applies a voltage between the 
detecting electrode and the counter electrode as well as 
between the working electrode and the counter electrode in a 
state where the first selector switch is connected to the first 
current/voltage conversion circuit and the second selector 
switch is connected to the second current/voltage conversion 
circuit, respectively, connects the second selector switch to 
the ground when detecting an electrical change between the 
working electrode and the counter electrode, occurring by the 
sample liquid which is supplied to the reagent layer provided 
on the specimen supply path, and when thereafter detecting an 
electrical change between the detecting electrode and the 
working electrode, in a state where the second selector switch 
is connected to the second current/voltage conversion circuit 
and the first selector switch is connected to the ground, 
applies a voltage 
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between the working electrode and the counter electrode as well 
as the detecting electrode, and measures a response current 
generated by applying the voltage. 

Since the quantification apparatus is constructed as 
described above, measuring errors due to the shortage of the 
specimen amount supplied to the reagent layer of the specimen 
supply path are prevented, resulting in a higher accuracy 
measurement. Further, the detecting electrode of the biosensor 
is used also as the counter electrode at the measuring, so that 
the specimen supply path can be downscaled, thereby to perform 
a quantitative analysis of a slight amount of specimen 
correctly . 

According to an embodiment of the present invention, the 
quantification apparatus comprising an informing means for 
informing a user that no change occurs, when the sample liquid 
is supplied to the reagent layer of the specimen supply path, 
and the control part detects that an electrical change occurs 
between the working electrode and the counter electrode but no 
electrical change occurs between the detecting electrode and 
the working electrode or the counter electrode. 

Since the quantification apparatus is constructed as 
described above, it is possible to inform a user of the 
shortage of .the specimen amount supplied to the reagent layer 
of the specimen supply path of the biosensor, resulting in the 
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blood glucose concentration of 40-600 mg/dl are compared. 

Figures 21 (a) -(b) are exploded perspective views of a 
conventional biosensor. 

Figure 22 is a diagram illustrating a state where a 
biosensor is inserted in a measuring device. 

Figure 23 is a top view illustrating a state where slits 
are formed in the electrical conductive layer which is provided 
on a sensor wafer according to the third embodiment. 

Figures 24 (a) -(c) are top views illustrating states of 
electrodes of a biosensor in a manufacturing method according 
to the third embodiment. 

Figure 25 is a diagram illustrating the concept of a 
cross-sectional structure of a conventional biosensor. 

BEST MODE TO EXECUTE THE INVENTION 

Hereinafter, embodiments of the present invention will be 
described with reference to the figures. The embodiments which 
are described here are merely examples, and the. present 
invention is not necessarily restricted thereto. 
(Embodiment 1) 

A biosensor A as defined in the present invention will be 
described as a first embodiment with reference to the figures. 

Figures 1(a) to 1(c) are exploded perspective views of the 
biosensor A according to the first embodiment of the present 
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conductive material such as noble metal for example gold or 
palladium and carbon as the material, it take no trouble of 
successively printing and laminating a silver paste, a carbon 
paste and the like on the support 1 as in the prior art, 
whereby it is possible to form the electrode part with a smooth 
surface by a simple method. Further, since the slits 4a and 
4b are formed on the conductive layer 2 which is provided on 
the support 1 by the laser, it is possible to define the area 
of each electrode with a higher accuracy. The clearance between 
the respective electrodes can be considerably reduced to 
downsize the specimen supply path, thereby enabling the 
measurement based on a trace quantity of specimen while this 
could not be measured conventionally. Further, since the 
structures of the electrodes are very simple, a biosensor 
having the same performance can be easily formed. 
{ Embodiment 2) 

A biosensor B according to the present invention will be 
described as a second embodiment . 

Figures 3 (a) -(c) are perspective views illustrating the 
biosensor B in the order of the manufacturing process, and 
figure 4 is a diagram illustrating a specimen supply path of 
the biosensor B. 

First, the structure of the biosensor B will be described. 

Nxomeral 21 denotes an insulating support which is composed 
of polyethylene terephthalate or the like. Numeral 22 denotes 
an electrical conductive layer which is formed on the whole 
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individual biosensor. 

However, the so-formed biosensor X has a problem in that 
when the plural biosensors are to be cut into individual 
biosensors, there are some cases where the cutting cannot be 
performed on the cutting plane lines, resulting in deviations 
from the cutting plane lines 3110. This will be described in 
more detail. Figure 24(a) is a diagram illustrating states of 
the electrodes in a case where the cutting is correctly 
performed- Figure 24(b) is a diagram illustrating states of the 
electrodes when the cutting position is deviated toward left 
from the cutting plane line 3110. Figure 24 (c) is a diagram 
illustrating states of the electrodes when the cutting position 
is deviated toward right from the cutting plane line 3110. 
Since the areas of the working electrode 3105 and the counter 
electrode 3106 are decided by the cutting position of the 
individual wafer Q, changes in the areas of the working 
electrode 3105 and the counter electrode 3106 occur when the 
cutting position is deviated from the cutting plane line 3110 
as shown in the figures, resulting in variations in resistance 
values of the respective electrodes- Therefore/ values of 
currents flowing the electrodes change, whereby the accuracy of 
the biosensor X get worse - 

Here, a biosensor C according to the present invention, 
which has for its object to solve this problem will be 
described as a third embodiment. 
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(Embodiment 4) 

A biosensor D according to the present invention will be 
described as a fourth embodiment . 

Figure 9 (a) -(c) are perspective views illustrating the 
biosensor D in the order of a manufacturing process. Figures 
10 (a) -{h) are top views exemplifying the formation of fourth 
slits of the biosensor D. Figure 22 is a diagram illustrating a 
state where the biosensor D is inserted into a measuring device . 

First, components of the biosensor D will be described . 

Numeral 61 denotes an insulating support composed of 
polyethylene terephthalate or the like. Numeral 62 denotes an 
electrical conductive layer which is formed on the whole 
surface of the support 61 and is composed of an electrical 
conductive material such as a noble metal, for example gold or 
palladium, and carbon. Numerals 63a, 63b, 63c and 63d denote 
first slits provided in the electrical conductive layer 62. 
Numerals 65, 66, and 67 denote electrodes which are formed by 
dividing the electrical conductive layer 62 by the first slits 
63a, 63b, 63c and 63d, i.e., a working electrode, a counter 
electrode, and a detecting electrode as an electrode for 
confiiming whether the specimen is surely drawn into a specimen 
supply path, respectively. Numerals 64a, 64b, and 64c denote 
fourth slits which divide the counter electrode 66, the 
detecting electrode 67, and the working electrode 65, 
respectively. Numeral 68 denotes a spacer which covers the 
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preferable that each slit provided on the electrical conductive 
layer is processed by the laser, the width of each slit is 
0,005 mm - 0.3 mm, and the depth of each slit is equal to or 
larger than the thickness of the electrical conductive layer. 

Further, it is preferred that the reagent layer provided 
in any of the biosensors A, B, C, and D should include enzyme, 
an electron transfer agent, or a hydrophilic polymer. 

In addition, it is preferable that the insulating support 
employed in any of the biosensors A, B, C, and D is made of a 
resin material. 
(Embodiment 5) 

A thin film electrode forming method of the present 
invention will be described as a fifth embodiment with 
reference to the figures. When the thin film electrode method 
described in the fifth embodiment is applied when the electrode 
parts of any of the biosensors A, B, C, and D according to the 
above-described first to fourth embodiments are formed, a 
biosensor of the present invention can be obtained. 

Figure 11 is a schematic diagram showing a state of a 
biosensor, where a thin film electrode is formed by 
implementing the thin film electrode forming method according 
to this embodiment and a reaction reagent layer are laid out 
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substrate and a quantification apparatus for quantifying a 
substrate, which employ any of the biosensors A, B, and D, 
for which the electrical conductive layers are formed by 
employing the above-described thin film electrode forming 
method according to the fifth embodiment will be described, 
while the biosensor A as described in the first embodiment is 
used as a biosensor employed in a following description, the 
biosensor to be used is not restricted thereto. 

Figure 13 is a diagram illustrating structures of the 
biosensor and the quantification apparatus which is employed in 
the quantification method employing the biosensor. In the 
figure, the seuae reference numerals as those shown in figure 1 
denote the same or corresponding parts. 

It is a system in which the biosensor A is used in a state 
where it is connected to a quantification apparatus Ml, and the 
quantification apparatus Ml measures the amount of an included 
substrate from a specimen supplied to the biosensor A. 

In the quantification apparatus Ml, numerals 115a, 115b, 
and 115c denote connectors connected to a working electrode 5, 
a detecting electrode 7, a counter electrode 6 of the biosensor 
A, respectively, numeral 116a denotes a switch provided between 
the connector 115c and the. ground (which means a constant 
potential electrodeposition and can be not always "0". The same 
goes for in the present specification.), numeral 118a 
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electrode 7 is at least equivalent to the area of the working 
electrode 5, the electron transfer reaction between the 
electrodes is prevented from being rate-determined, thereby to 
promote the reaction smoothly. At the same time^ the capacity 
of the specimen supply path can be downsized, whereby the 
quantitative analysis based on a slight amount of specimen, 
which was conventionally impossible, can be performed properly. 
Further, when the area of the detecting electrode 7 and that of 
the counter electrode 6 are equivalent, the electron transfer 
reaction between the electrodes is performed uniformly, thereby 
obtaining a more satisfactory response- 
(Embodiment 7) 

Hereinafter, a quantification method for quantifying a 
substrate and a quantification apparatus for quantifying a 
substrate/ which employ any of the biosensors A to D whose 
electrical conductive layers are formed by employing the thin 
film electrode forming method described in the fifth embodiment 
but which are different from those of the above-described sixth 
embodiment will be described. A biosensor which is employed in 
a following description is supposed to be the biosensor A 
described in the first embodiment* 

Figure 16 is a diagram illustrating structures of the 
biosensor A and a quantification apparatus employed in the 
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the counter electrode 6 and the working electrode 5 by the 
supply of the specimen to the specimen supply path but no 
current is thereafter generated between the counter electrode 6 
and the detecting electrode 7 for the prescribed period of time, 
the CPU 120 judges that there is a shortage of the specimen 
amount, and this is displayed on the LCD 121. Even when the 
specimen is supplemented to the specimen supply path after the 
LCD 121 once displays that there is a shortage of the specimen 
supply, the CPU 120 does not start the quantification operation. 

As described above, according to the quantification method 
employing the biosensor in the seventh embodiment of the 
present invention, when the specimen is drawn into the specimen 
supply path of the biosensor A, and electrical changes occur 
between the counter electrode 6 and the working electrode 5 
while no electrical change occurs between the counter electrode 
6 and the detecting electrode 7, the quantification apparatus 
M3 displays on the LCD 121 that there is a shortage of the 
specimen supply and informs a user of the fact, thereby 
enhancing the convenience and safety at the measuring. 
( Embodiment 8 ) 

Hereinafter, a quantification method for quantifying a 
substrate and a quantification apparatus for quantifying a 
substrate, which en^loy any of the biosensors A to D whose 
electrical conductive 
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the performance of the biosensor Z is deteriorated. 

Further, it is considerably troublesome to insert the 
correction chip for every measurement, and when it is forgotten 
to insert the correction chip, a correction chip for example 
for measuring lactic acid value is inserted by mistake, or a 
correction chip which is for measuring blood sugar level but 
has different output characteristics is inserted, there occurs 
an error in a measured result. 

The present invention is made to solve the above-mentioned 
problems, and has for its object to provide a biosensor which 
can be formed by a simple manufacturing method and has a high 
measuring accuracy, a biosensor in which a reagent layer is 
disposed uniformly on electrodes regardless of a reagent liquid 
composition, resulting in an uniform performance, a biosensor 
which enables a measuring device to discriminate correction 
data for each production lot only by being inserted therein 
without a correction chip being inserted, a thin film electrode 
forming method for these biosensors, as well as a method and an 
apparatus for quantifying using the biosensors, 

DISCLOSURE OF THE INVENTION 

According to Claim 1 of the present invention, there is 
provided a biosensor for quantifying a substrate included in a 
sample liquid comprising: a first insulating support and a 
second insulating support; an electrode part comprising at 
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least a working electrode and a counter electrode; a specimen 
supply path for introducing the sample liquid to the electrode 
part; and a reagent layer employed for quantifying the 
substrate included in the sample liquid, and the electrode part, 
the specimen supply path, and the reagent layer exist between 
the first insulating support and the second insulating support, 
the specimen supply path is provided on the electrode part, and 
the reagent layer is provided on the electrode part in the 
specimen supply path, respectively, and the electrode part is 
dividedly formed by first slits provided on an electrical 
conductive layer which is formed on the whole or part of an 
internal surface of one or both of the first insulating support 
and the second insulating support. 

Since a biosensor is constructed as described above, an 
electrode part can be defined easily and with a high accuracy, 
and variations in response of each biosensor can be reduced, 
resulting in a favorable response. Further, the electrode part 
is formed in a monolayer of electrical conductive layer, 
whereby troubles can be reduced and an electrode part with a 
smooth surface can be formed by a simple method. Since the 
structure of the electrode part is quite simple, it is possible 
to easily form biosensors having the same performance. 

According to an embodiment Claim 2 of the present 
invention, in the biosensor^ as d e fined in Claim 1^ the 
electrode part further comprises a detecting electrode. 
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Since the biosensor is constructed as described above, it 
is possible to make the biosensor have a better accuracy. 

According to an embodiment Claim 3 of the present 
invention, in the biosensor^ ao defined in Cloim 2; the counter 
electrode is provided on the whole or part of the internal 
surface of the second insulating support, the working electrode 
and the detecting electrode are provided on the whole or part 
of the internal surface of the first insulating support, and 
the working electrode and the detecting electrode which are 
provided on the internal surface of the first insulating 
support are dividedly formed by the first slits provided on the 
electrical conductive layer. 

Since the biosensor is constructed as described above, it 
is possible to downscale a specimen supply path, whereby a 
measurement can be done with a slight amount of specimen. 

According to an embodiment Claim 4 of the present 
invention, in the biosensor_j^ aa define in Claim 1- or 2/ the 
electrode part is provided on the whole or part of the internal 
surface of only the first insulating support, and the electrode 
part provided on the internal surface of the first insulating 
support is dividedly formed by the first - fist slits provided on 
the electrical conductive layer . 

Since the biosensor is constructed as described above, all 
of the electrodes are provided on the same surface, and thus 
the electrodes are formed only on one surface, resulting in an 
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easier manufacture, whereby the manufacturing costs of the 
biosensor can be reduced . 

According to an embodiment Claim 5 of the present 
invention, in the biosensor ao dof - incd in any of Claimo 1 to ^ / 
an area of the counter electrode is equal to or larger than 
that of the working electrode. 

Since the biosensor is constructed as described above, an 
electron transfer reaction between the counter electrode and 
the working electrode is prevented to be rate-determined, 
thereby promoting the reaction smoothly. 

According to an embodiment Claim 6 of the present 
invention, in the biosensor qo dofinod in any of Claimo 1 to ^ , 
a total of an area of the counter electrode and an area of the 
detecting electrode is equal to or larger that that of the 
working electrode . 

Since the biosensor is constructed as described above, 
electron transfer reactions between the counter electrode as 
well as the detecting electrode and the working electrode are 
prevented to be rate -determined, thereby promoting the 
reactions smoothly . 

According to an embodiment Claim 7 of the present 
invention, in the biosensor ao defined in Claim 6 , the area of 
the detecting electrode in the specimen supply path of the 
biosensor is equal to the area of the counter electrode. 

Since the biosensor is constructed as described above. 
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electron transfer reactions between the counter electrode as 
well as the detecting electrode and the working electrode are 
more reliably prevented to be rate-determined, thereby 
promoting the reactions smoothly . 

According to an embodiment Claim 8 of the present 
invention, in the biosensor ao defined in - any of Claimo 1 to 7 , 
a spacer is provided which has a cutout part for forming the 
specimen supply path and is placed on the electrode part, and 
the second insulating support is placed on the spacer. 

Since the biosensor is constructed as described above, the 
position where the specimen supply path is provided is fixed, 
and the second insulating support is placed thereon, thereby 
preventing the specimen introduced to the specimen supply path 
from leaking from the specimen supply path- 

According to an embodiment Claim Q of the present 
invention, in the biosensor ao defined in Claim 8 , the spacer 
and the second insulating support is integral. 

Since the biosensor is constructed as described above, the 
spacer and the second insulating support is integral, thereby 
to enable a cost reduction and a simple manufacture. 

According to an embodiment Claim 10 of the present 
invention, in the biosensor qd dofincd in any of Claim&- 1 to ■ 9 , 
an air hole leading to the specimen supply path is formed. 

Since the biosensor is constructed as described above, 
excessive air is discharged from the air hole when the specimen 
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is introduced to the specimen supply path, thereby reliably 
introducing the specimen to the specimen supply path due to the 
capillary phenomenon. 

According to an embodiment Claim 11 of the present 
invention, in the biosensor ao defined in any of Claimo 1 to 10 , 
the reagent layer is formed by dripping a reagent, and second 
slits are provided around a position where the reagent is 
dripped - 

Since the biosensor is constructed as described above, 
when the reagent is dripped on the electrodes for the reagent 
layer formation, thereby forming the reagent layer, the reagent 
spreads unifojnnly forming the reagent layer of a prescribed 
area at the prescribed position, whereby the reagent layer free 
from variations in the position and area can be formed, 
resulting in a correct measurement free from the variations- 

According to an embodiment Claim 12 of the present 
invention, in the biosensor qo defined in Claim 11 , the second 
slits are arc shaped. 

Since the biosensor is constructed as described above, the 
spread of the reagent is defined by the slits which have the 
same shapes as that of the reagent spread, thereby defining the 
area and the position of the reagent layer more correctly. 

According to an embodiment Claim 13 of the present 
invention, in the biosensor ao defined in any of Claimo ■ 1 - to - 12 , 
third slits are provided for dividing the electrical conductive 
layer to define an area of the electrode part. 
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Since the biosensor is constructed as described above, 
when the support is initially cut at the manufacturing process 
of the biosensor, the area of each electrode is previously 
defined by the third slits, whereby the area of each electrode 
does not change due to the cut position of the support, thereby 
preventing variations in the accuracy. 

According to an embodiment ClQim 14 of the present 
invention, in the biosensor asdofincd in Claim - 13 , shapes of 
the first insulating support and the second insulating support 
are approximately rectangular, and one third slit or two or 
more third slits are provided in parallel with one side of the 
approximate rectangle shape. 

Since the biosensor is constructed as described above, the 
area of each electrode can be defined easily by the third slits, 
and the area of each electrode does not change due to 
deviations of the cut position when the support is cut, 
resulting in no variation in the accuracy. 

According to an embodiment Claim 15 of the present 
invention, the biosensor qo dofinod in any of Claimo 1 to 1^ 
has information of correction data generated for each 
production lot of the biosensor, which correspond to 
characteristics concerning output of an electrical change 
resulting from a reaction between the reagent liquid and the 
reagent layer and can be discriminated by a measuring device 
employing the biosensor . 

Since the biosensor is constructed as described above r the 
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measuring device can discriminate which the correction data is 
required, only by inserting the biosensor into the measuring 
device/ and there is no need for a user to input the 
information about the correction data employing a correction 
chip or the like, thereby removing troubles and preventing 
operational errors to obtain a correct result. 

According to an embodiment Claim 16 of the present 
invention, in the biosensor ao defined in Claim 15 , one or 
plural fourth slits dividing the electrode part are provided, 
and the measuring device can discriminate the information of 
the correction data according to positions of the fourth slits. 

Since the biosensor is constructed as described above, the 
measuring device can discriminate the information of the 
correction data by the positions of the fourth slits, the 
correction data can be indicated correspondingly to plural 
production lots, the measuring device can easily discriminate 
which correction data is required, by inserting the biosensor 
into the measuring device, whereby there is no operational 
trouble, resulting in preventing operational errors to obtain a 
correct result. 

According to an embodiment Claim 17 of the present 
invention, in the biosensor ao defined in - any of Cloimo 1 to 16 , 
at least one or all of the first slits, the second slits, the 
third slits, and the fourth slits are formed by processing the 
electrical conductive layer by a laser. 
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Since the biosensor is constructed as described above, a 
high-accuracy processing is possible, the area of each 
electrode can be defined with a high accuracy, and further the 
clearance between the respective electrodes can be narrowed, 
resulting in a small-size biosensor. 

According to an embodiment Claim 17 of the present 
invention, in the biosensor as defined in - Claim 1 6, a slit 
width of respective one of the first f iot slits, the second 
slits, the third slits, and the fourth slits is 0,005 mm to 0,3 
mm. 

Since the biosensor is constructed as described above, the 
clearance between the respective electrodes can be narrowed, 
resulting in a small-size biosensor. 

According to an embodiment Claim 19 of the present 
invention, in the biosensor ao defined in Claimo 17 or 1 8, a 
slit depth of respective one of the first f iot slits, the 
second slits, the third slits, and the fourth slits is equal to 
or larger than the thickness of the electrical conductive layer. 

Since the biosensor is constructed as described above, 
there can be obtained a biosensor in which the respective 
electrodes are surely separated. 

According to an embodiment Claim 20 of the present 
invention, in the biosensor ao defined in ony of Claimo 1 to 1 9, 
the reagent layer includes an enzyme. 

Since the biosensor is constructed as described above, 
there can be obtained an enzyme biosensor suitable for an 
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inspection which employs the enzyme. 

According to an embodiment Claim 21 of the present 
invention, in the biosensor ao defined in any of ClaimG 1 to -19 , 
the reagent layer includes an electron transfer agent. 

Since the biosensor is constructed as described above, 
there can be obtained a biosensor suitable for an inspection 
utilizing a reaction of the electron transfer agent. 

According to an embodiment Claim 22 of the present 
invention, in the biosensor ao defined in any of Claimp — 1 to 19 , 
the reagent layer includes a hydrophilic polymer. 

Since the biosensor is constructed as described above, 
there can be obtained a high-accuracy biosensor which can 
easily form the reagent layer. 

According to an embodiment Claim 23 of the present 

invention, in the biosensor a - s defined in any of Claimp 1 to 22 , 

the insulating support is made of a resin material. 

Since the biosensor is constructed as described above, it 
is possible to manufacture a lower-cost biosensor. 

According to Claim 2 4 of the present invention, there is 
provided a thin film electrode forming method for forming a 
thin film electrode on a surface of an insulating support 
including: a roughened surface forming step of roughening the 
surface of the insulating support by colliding an excited gas 
against the surface of the insulating support in a vacuum 
atmosphere; and an electrical conductive layer forming step of 
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forming the electrical conductive layer as a thin film 
electrode which is composed of a conductive substance on the 
roughened surface of the insulating support. 

Since the thin film electrode is formed as described above, 
a preprocessing such as a surface polishing processing is not 
required, whereby it is possible to form the thin film 
electrode by a simpler method and to form the thin film 
electrode with high adhesion between the support and the 
electrode layer . 

According to an embodiment Claim 25 of the present 
invention, in the thin film electrode forming method ao - d e f ined 
in Claim 24 , the roughed surface forming step comprises: a 
support placing step of placing the insulating support in a 
vacuum chamber; an evacuation step of evacuating the vacuum 
chamber; a gas filling step of filling up the vacuum chamber 
with a gas; and a colliding step of exciting the gas to be 
ionized and colliding the same against the insulating support. 

Since the thin film electrode is formed as described above, 
it is possible to form the support surface suitable for forming 
the thin film electrode more effectively and reliably, thereby 
forming the thin film electrode more effectively. 

According to an embodiment Claim 26 of the present 
invention, in the thin film electrode forming method ao dcfinod 
in Claim 25 , a degree of the vacuum in the evacuation step is 
within a range of 1X10"^ to 3X10"^ pascals. 
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Since the thin film electrode is formed as described above, 
it is possible to form the support surface suitable for forming 
the thin film electrode more reliably/ thereby forming the thin 
film electrode more effectively. 

According to an embodiment Claim 27 of the present 
invention, in the thin film electrode forming method ao defined 
in Claim 2 6 , the gas is an inert gas. 

Since the thin film electrode is formed as described above, 
the support surface can be made in a state suitable for forming 
the thin film electrode without denaturing the support surface. 

According to an embodiment Claim 28 of the present 
invention, in the thin film electrode forming method ao defined 
in Claim 21 r the inert gas is either a rare gas of argon, neon, 
helium, krypton, and xenon, or nitrogen. 

Since the thin film electrode is formed as described above, 
there can be formed the thin film electrode more reliably 
without denaturing the support surface _ 

According to an embodiment Claim 2D of the present 
invention, in the thin film electrode forming method aa defined 
in any of Claimo 24 to 2 8, the electrical conductive layer 
forming step comprises : a second support placing step of 
placing an insulating support having an already roughened 
surface, which has been subjected to the roughened surface 
forming step, in a second vacuum chamber; a second evacuation 
step of evacuating the second vacuum chamber; a second gas 
filling step of filling 
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up the second vacuum chamber with a second gas; and a step of 
exciting the second gas to be ionized and colliding the same 
against a conductive substance to beat out atoms of the 
conductive substances, to form a film on the insulating support 
having the already roughened surface. 

Since the thin film electrode is formed as described above, 
a preprocessing such as a surface polishing processing is not 
required and the thin film electrode with higher adhesion to 
the support can be obtained. 

According to an embodiment Claim 30 of the present 
invention, in the thin film electrode forming method as defined 
in any of Claimo 24 to 2 8, the electrical conductive layer 
forming step comprises: a second support placing step of 
placing an insulating support having an already roughened 
surface, which has been subjected to the roughened surface 
forming step, in a second vacuvim chamber; a second evacuation 
step of evacuating the second vacuvun chamber; and a step of 
heating and evaporating a conductive substance to deposit 
steams as a film on the insulating support having the already 
roughened surface. 

Since the thin film electrode is formed as described above, 
a preprocessing such as a surface polishing processing is not 
required and the thin film electrode with higher adhesion to 
the support can be obtained. 

According to an embodiment Claim 31 of the present invention, in 
the thin film electrode forming method aa defined in Claim 29 or 30 , 
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a degree of the vacuum in the second evacuation step is within 
a range of 1X10"^ to 3X10"^ pascals. 

Since the thin film electrode is formed as described above/ 
there can be more reliably formed the thin film electrode with 
remarkably high adhesion to the support . 

According to an embodiment Claim 32 of the present 
invention, in the thin film electrode forming method ao defined 
in any of Claimo 2 9 to 31 , the second gas is an inert gas. 

Since the thin film electrode is formed as described above, 
there can be formed the thin film electrode with high adhesion 
to the support without denaturing the support surface and the 
thin film electrode itself. 

According to an embodiment Claim 33 of the present 
invention, in the thin film electrode forming method ao dofinod 
in Claim 32 , the inert gas is either a rare gas of argon, neon, 
helium, krypton and xenon, or nitrogen. 

Since the thin film electrode is formed as described above, 
there can be more reliably formed the thin film electrode with 
high adhesion to the support without denaturing the support 
surface and the thin film electrode itself. 

According to an embodiment Claim 3 4 of the present 
invention, in the thin film electrode forming method ao dofinod 
in any of Claimo 29 to - 33 , the vacuum chamber and the second 
vacuum chamber is the same chamber. 

Since the thin film electrode is formed as described above, 
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a facility for forming the thin film electrode can be 
simplified and thus the manufacturing cost of the thin film 
electrode can be reduced. 

According to an embodiment Claim 35 of the present 
invention, in the thin film electrode forming method as defined 
in any of Claimo 20 to 3 4, the conductive substance is a noble 
metal or carbon. 

Since the thin film electrode is formed as described above, 
the thin film electrode is composed of not a composite material 
but a single substance material, thereby enabling a mass 
laanufacture of stable electrodes, which is not influenced by 
the manufacturing conditions and which has a less difference in 
material lots . 

According to an embodiment claim 36 of the present 
invention, in the thin film electrode forming method qo defined 
in any of Claimo 2 4 to 35 , a thickness of a formed thin film 
electrode is within a range of 3 nm to 100 ma. 

Since the thin film electrode is formed as described above, 
the thickness of the electrode can be thinned as much as 
possible, thereby to enhance a production tact as well as 
reduce a manufacturing cost due to a reduction of the material 
cost. 

According to an embodiment olaim 37 of the present 
invention, in the biosensor aa defined in any of Claimo 1 to 23 , 
the electrical conductive layer is formed by the thin film 
electrode forming method do defined in any of Claimo 2*1 to 3 6. 
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Since the biosensor is formed as described above, the thin 
film electrode reflects unevenness on the support surface which 
is processed into a roughened surface, so that the wettability 
and adhesiveness between the electrode and the reagent is 
enhanced, resulting in a high performance biosensor » 

According to an embodiment Claim 3 8 of the present 
invention, there is provided a quantification method for 
quantifying, by employing the biosensor ao defined in any of 
ClQimo 1 to 23 and 37 , a substrate included in a sample liquid 
supplied to the biosensor comprising: a first f lot application 
step of applying a voltage between the detecting electrode and 
the counter electrode or the working electrode; a reagent 
supplying step of supplying the sample liquid to the reagent 
layer; a first change detecting step of detecting an electrical 
change occurring between the detecting electrode and the 
counter electrode or the working electrode by the supply of the 
saimple liquid to the reagent layer; a second application step 
of applying a voltage between the working electrode and the 
counter electrode as well as the detecting electrode after the 
electrical change is detected in the first change step; and a 
current measuring step of measuring a current generated between 
the working electrode and the counter electrode as well as the 
detecting electrode, to which the voltage is applied in the 
second application step. 

Since the quantification is performed as described above, 
the quantification operation is started when the electrical 
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change occurs between the detecting electrode and the working 
electrode or the counter electrode of the biosensor, thereby 
preventing measuring errors due to the shortage of the specimen 
amount supplied to the reagent layer, resulting in a higher 
accuracy measurement. Further, when the measurable amount of 
specimen is supplied to the reagent layer, the measurement is 
performed by using the detecting electrode also as the counter 
electrode, thereby making the area of the electrode part 
smaller, and thus a quantitative analysis based on a slight 
amount of specimen can be performed correctly. 

According to an embodiment Glaim 30 of the present 
invention, there is provided a quantification method for 
cjuantifying, by employing the biosensor ao dcfinod in any of 
Claimo 1 to 33 and 37 , a substrate included in a sample liquid 
supplied to the biosensor comprising: a third application step 
of applying a voltage between the detecting electrode and the 
counter electrode or the working electrode as well as between 
the working electrode and the counter electrode; a reagent 
supplying step of supplying the sample liquid to the reagent 
layer; a first change detecting step of detecting an electrical 
change occurring between the detecting electrode and the 
coxinter electrode or the working electrode by the supply of the 
sample liquid to the reagent layer; a second change detecting 
step of detecting an electrical change occurring between the 
working electrode and the counter electrode by the supply of 
the sample 
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liquid to the reagent layer; a second application step of 
applying a voltage between the working electrode and the 
counter electrode as well as the detecting electrode after the 
electrical changes are detected in the first change detecting 
step and the second change detecting step; and a current 
measuring step of measuring a current generated between the 
working electrode and the counter electrode as well as the 
detecting electrode, to which the voltage is applied in the 
second application step. 

Since the quantification is performed as described above, 
the quantification operation is started when the electrical 
change occurs between the detecting electrode and the working 
electrode or the counter electrode of the biosensor, thereby 
preventing measuring errors due to the shortage of the specimen 
amount supplied to the reagent layer, resulting in a higher 
accuracy measurement. Further, when the measurable amount of 
specimen is supplied to the reagent layer, the measurement is 
performed by using the detecting electrode also as the counter 
electrode, thereby making the area of the electrode part 
smaller, and thus quantitative analysis based on a slight 
amount of specimen can be performed correctly. 

According to an embodiment Claim 'lO of the present 
invention, in the quantification method ao defined in Claim 38 
or 39 , the second change detecting step is followed by a no- 
change informing step of informing a user that no change occurs 
when it is detected 
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that no electrical change occurs between the detecting 
electrode and the counter electrode or the working electrode 
for a prescribed period of time. 

Since the quantification is performed as described above, 
it is possible to inform a user that there is a shortage of the 
specimen amount supplied to the reagent layer of the biosensor, 
resulting in the quantification method with enhanced 
convenience and safety. 

According to an embodiment Claim ^1 of the present 
invention, there is provided a quantification apparatus, to 
which the biosensor qo defined in any of Claima 1 to 23 and 37 
is detachably connected and which quantifies a substrate 
included in a sample liquid supplied to the biosensor 
comprising: a first current/voltage conversion circuit for 
converting a current from the working electrode included in the 
biosensor into a voltage; a first A/D conversion circuit for 
digitally converting the voltage from the current/voltage 
conversion circuit; a first switch provided between the counter 
electrode included in the biosensor and the ground; and a 
control part for controlling the first fiot A/D conversion 
circuit and the first switch, and the control part applies a 
voltage between the detecting electrode and the working 
electrode in a state where the first switch is insulated from 
the counter electrode, detects an electrical change between the 
detecting electrode and the working electrode occurring by the 
sample liquid which is supplied to 
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the reagent layer on the specimen supply path, thereafter 
applies a voltage between the working electrode and the counter 
electrode as well as the detecting electrode in a state where 
the first switch is connected to the counter electrode, and 
measures a response current generated by applying the voltage. 

Since the quantification apparatus is constructed as 
described above, measuring errors due to the shortage of the 
specimen amount supplied to the reagent layer of the specimen 
supply path are prevented, resulting in a higher accuracy 
measurement. Further, the detecting electrode of the biosensor 
is used also as the counter electrode at the measuring, so that 
the specimen supply path can be downscaled, thereby to perform 
a quantitative analysis of a slight amount of specimen 
correctly. 

According to an embodiment Claim 42 of the present 
invention, there is provided a quantification apparatus, to 
which the biosensor ao defined in any of Claimo 1 to 23 and 37 
is detachably connected and which quantifies a substrate 
included in a sample liquid supplied to the biosensor 
comprising: a first current/voltage conversion circuit for 
converting a current from the working electrode included in the 
biosensor into a voltage; a second current/voltage conversion 
circuit for converting a current from the detecting electrode 
included in the biosensor into a voltage; a first A/D 
conversion circuit for digitally converting the voltage from 
the first current /voltage 
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conversion circuit; a second A/D conversion circuit for 
digitally converting the voltage from the second 
current/voltage conversion circuit; a first selector switch for 
switching the connection of the detecting electrode of the 
biosensor to the first current/voltage conversion circuit or 
the ground; and a control part for controlling the first f lot 
A/D conversion circuit, the second A/D conversion circuit , and 
the first selector switch, and the control part applies a 
voltage between the detecting electrode and the counter 
electrode as well as between the working electrode and the 
counter electrode in a state where the first selector switch is 
connected to the first current/voltage conversion circuit, 
detects an electrical change between the detecting electrode 
and the working electrode as well as an electrical change 
between the working electrode and the counter electrode, 
respectively, occurring by the sample liquid which is supplied 
to the reagent layer provided on the specimen supply path, 
thereafter connects the first selector switch to the ground, 
applies a voltage between the working electrode and the counter 
electrode as well as the detecting electrode, and measures a 
response current generated by applying the voltage. 

Since the quantification apparatus is constructed as 
described above, measuring errors due to the shortage of the 
specimen amount supplied to the reagent layer of the specimen 
supply path are prevented, resulting in a higher accuracy 
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measurement. Further, the detecting electrode of the biosensor 
is used also as the counter electrode at the measuring, so that 
the specimen supply path can be downscaled, thereby to perform 
a quantitative analysis of a slight amount of specimen 
correctly. 

According to an embodiment Claim 43 of the present 
invention, the quantification apparatus ao dofinod in Claim 42 
comprises: a second selector switch for switching the 
connection of the working electrode of the biosensor to the 
second 'current/voltage conversion circuit or the ground, and 
the control part applies a voltage between the detecting 
electrode and the counter electrode as well as between the 
working electrode and the counter electrode in a state where 
the first selector switch is connected to the first 
current/voltage conversion circuit and the second selector 
switch is connected to the second current/voltage conversion 
circuit, respectively, connects the second selector switch to 
the ground when detecting an electrical change between the 
working electrode and the counter electrode, occurring by the 
sample liquid which is supplied to the reagent layer provided 
on the specimen supply path, and when thereafter detecting an 
electrical change between the detecting electrode and the 
working electrode, in a state where the second selector switch 
is connected to the second current/voltage conversion circuit 
and the first selector switch is connected to the ground, 
applies a voltage 
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between the working electrode and the counter electrode as well 
as the detecting electrode, and measures a response current 
generated by applying the voltage. 

Since the quantification apparatus is constructed as 
described above, measuring errors due to the shortage of the 
specimen amount supplied to the reagent layer of the specimen 
supply path are prevented, resulting in a higher accuracy 
measurement. Further, the detecting electrode of the biosensor 
is used also as the counter electrode at the measuring, so that 
the specimen supply path can be downscaled, thereby to perform 
a quantitative analysis of a slight amount of specimen 
correctly. 

According to an embodiment Claim 4 4 of the present 
invention, the quantification apparatus ao defined in Claim ^2 
or 43 ■■comprising an informing means for informing a user that 
no change occurs, when the sample liquid is supplied to the 
reagent layer of the specimen supply path, and the control part 
detects that an electrical change occurs between the working 
electrode and the counter electrode but no electrical change 
occurs between the detecting electrode and the working 
electrode or the counter electrode. 

Since the quantification apparatus is constructed as 
described above, it is possible to inform a user of the 
shortage of the specimen amount supplied to the reagent layer 
of the specimen supply path of the biosensor, resulting in the 
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blood glucose concentration of 40-600 mg/dl are compared. 

Figures 21 (a) - (b) are exploded perspective views of a 
conventional biosensor. 

Figure 22 is a diagram illustrating a state where a 
biosensor is inserted in a measuring device. 

Figure 23 is a top view illustrating a state where slits 
are formed in the electrical conductive layer which is provided 
on a sensor wafer according to the third embodiment , 

Figures 24 (a) - (c) are top views illustrating states of 
electrodes of a biosensor in a manufacturing method according 
to the third embodiment. 

Figure 25 is a diagram illustrating the concept of a 
cross-sectional structure of a conventional biosensor . 

BEST MODE TO EXECUTE THE INVENTION 

Hereinafter, embodiments of the present invention will be 
described with reference to the figures. The embodiments which 
are described here are merely examples, and the present 
invention is not necessarily restricted thereto. 
(Embodiment 1) 

A biosensor A as defined in Claimo 1 to 10 of the present 
invention will be described as a first embodiment with 
reference to the figures. 

Figures 1(a) to 1(c) are exploded perspective views of the 
biosensor A according to the first embodiment of the present 
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conductive material such as noble metal for example gold or 
palladium and carbon as the material, it take no trouble of 
successively printing and laminating a silver paste, a carbon 
paste and the like on the support 1 as in the prior art, 
whereby it is possible to form the electrode part with a smooth 
surface by a simple method- Further, since the slits 4a and 
4b are formed on the conductive layer 2 which is provided on 
the support 1 by the laser, it is possible to define the area 
of each electrode with a higher accuracy. The clearance between 
the respective electrodes can be considerably reduced to 
downsize the specimen supply path, thereby enabling the 
measurement based on a trace quantity of specimen while this 
could not be measured conventionally. Further, since the 
structures of the electrodes are very simple, a biosensor 
having the same performance can be easily formed. 
( Embodiment 2 ) 

A biosensor B according to olaimo 11 and 12 of the present 
invention will be described as a second embodiment. 

Figures 3 (a) - (c) are perspective views illustrating the 
biosensor B in the order of the manufacturing process, and 
figure 4 is a diagram illustrating a specimen supply path of 
the biosensor B. 

First, the structure of the biosensor B will be described. 

Nxjmeral 21 denotes an insulating support which is composed 
of polyethylene terephthalate or the like. Numeral 2 2 denotes 
an electrical conductive layer which is formed on the whol^ 
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individual biosensor. 

However, the so-formed biosensor X has a problem in that 
when the plural biosensors are to be cut into individual 
biosensors, there are some cases where the cutting cannot be 
performed on the cutting plane lines, resulting in deviations 
from the cutting plane lines 3110. This will be described in 
more detail. Figure 24(a) is a diagram illustrating states of 
the electrodes in a case where the cutting is correctly 
performed. Figure 24(b) is a diagram illustrating states of the 
electrodes when the cutting position is deviated toward left 
from the cutting plane line 3110. Figure 24(c) is a diagram 
illustrating states of the electrodes when the cutting position 
is deviated toward right from the cutting plane line 3110. 
Since the areas of the working electrode 3105 and the counter 
electrode 3106 are decided by the cutting position of the 
individual wafer Q, changes in the areas of the working 
electrode 3105 and the counter electrode 3106 occur when the 
cutting position is deviated from the cutting plane line 3110 
as shown in the figures, resulting in variations in resistance 
values of the respective electrodes* Therefore, values of 
currents flowing the electrodes change, whereby the accuracy of 
the biosensor X get worse ► 

Here, a biosensor C according to Claimo 13 and 11 of the 
present invention, which has for its object to solve this 
problem will be described as a third embodiment. 
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(Embodiment 4) 

A biosensor D according to Claims -- 15 and 1 6 of the present 
invention will be described as a fourth embodiment. 

Figuresd 9 (a) - (c) are perspective views illustrating the 
biosensor D in the order of a manufacturing process . Figures 
10 (a) - (h) are top views exemplifying the formation of fourth 
slits of the biosensor D, Figure 22 is a diagram illustrating a 
state where the biosensor D is inserted into a measuring device. 

First, components of the biosensor D will be described. 

Numeral 61 denotes an insulating support composed of 
polyethylene terephthalate or the like. Nxmeral 62 denotes an 
electrical conductive layer which is formed on the whole 
surface of the support 61 and is composed of an electrical 
conductive material such as a noble metal, for example gold or 
palladium, and carbon. Numerals 63a, 63b, 63c and 63d denote 
first slits provided in the electrical conductive layer 62- 
Numerals 65, 66, and 67 denote electrodes which are formed by 
dividing the electrical conductive layer 62 by the first slits 
63a, 63b, 63c and 63d, i.e., a working electrode, a counter 
electrode, and a detecting electrode as an electrode for 
confirming whether the specimen is surely drawn into a specimen 
supply path, respectively. Numerals 64a, 64b, and 64c denote 
fourth slits which divide the counter electrode 66, the 
detecting electrode 67, and the working electrode 65, 
respectively. Numeral 68 denotes a spacer which covers the 
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preferable that each slit provided on the electrical conductive 
layer is processed by the laser, the width of each slit is 
0.005 mm - 0.3 ram, and the depth of each slit is equal to or 
larger than the thickness of the electrical conductive layery- 
ao defined in claimD 16 to 1 8 of - the prcGcnt invention . 

Further, it is preferred that the reagent layer provided 
in any of the biosensors A, B, C, and D should include enzyme, 
an electron transfer agent, or a hydrophilic polymerT — ets- 
dofinod in Claimo 19 to 21 of the prcoont invention . 

In addition, it is preferable that the insulating support 
employed in any of the biosensors A, B, C, and D is made of a 
resin materialT — ao defined in Claim 22 of the preocnt invention . 
(Embodiment 5) 

A thin film electrode forming method Qo-defincd in Claims 
23 to 35 of the present invention will be described as a fifth 
embodiment with reference to the figures. When the thin film 
electrode method described in the fifth embodiment is applied 
when the electrode parts of any of the biosensors A, B, C, and 
D according to the above-described first to fourth embodiments 
are formed, a biosensor aa dofincd in Claim 36 of the present 
invention can be obtained. 

Figure 11 is a schematic diagram showing a state of a 
biosensor, where a thin film electrode is formed by 
implementing the thin film electrode forming method according 
to this embodiment and a reaction reagent layer are laid out 
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substrate qq defined -in CIaiia - 38 of tho prcoont invention and a 
quantification apparatus for quantifying a substrate qd defined 
in Claiin 11 of the prcoent invention , which employ any of the 
biosensors A, C, and for which the electrical conductive 
layers are formed by employing the above-described thin film 
electrode forming method according to the fifth embodiment will 
be described, while the biosensor A as described in the first 
embodiment is used as a biosensor employed in a following 
description, the biosensor to be used is not restricted thereto. 

Figure 13 is a diagram illustrating structures of the 
biosensor and the quantification apparatus which is employed in 
the quantification method employing the biosensor. In the 
figure, the same reference numerals as those shown in figure 1 
denote the same or corresponding parts . 

It is a system in which the biosensor A is used in a state 
where it is connected to a quantification apparatus Ml, and the 
quantification apparatus Ml measures the amount of an included 
substrate from a specimen supplied to the biosensor A* 

In the quantification apparatus Ml, numerals 115a, 115b, 
and 115c denote connectors connected to a working electrode 5, 
a detecting electrode 7, a counter electrode 6 of the biosensor 
A, respectively, numeral 116a denotes a switch provided between 
the connector 115c and the ground (which means a constant 
potential electrodeposition and can be not always "0". The same 
goes for in the present specification.)/ numeral llSa 
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electrode 7 is at least equivalent to the area of the working 
electrode 5, the electron transfer reaction between the 
electrodes is prevented from being rate-determined, thereby to 
promote the reaction smoothly. At the same time, the capacity 
of the specimen supply path can be downsized, whereby the 
quantitative analysis based on a slight amount of specimen, 
which was conventionally impossible, can be performed properly. 
Further, when the area of the detecting electrode 7 and that of 
the counter electrode 6 are equivalent, the electron transfer 
reaction between the electrodes is performed uniformly, thereby 
obtaining a more satisfactory response. 
(Embodiment 7) 

Hereinafter, a quantification method for quantifying a 
substrate ao defined in Claim 40 of the present invention and a 
quantification apparatus for quantifying a substrate ao dof inod 
in Claimo 4 2 to 4 4 of - fehe-preaont invention , which employ any 
of the biosensors A to D whose electrical conductive layers are 
formed by employing the thin film electrode forming method 
described in the fifth embodiment but which are different from 
those of the above-described sixth embodiment will be described. 
A biosensor which is employed in a following description is 
supposed to be the biosensor A described in the first 
embodiment . 

Figure 16 is a diagram illustrating structures of the 
biosensor A and a quantification apparatus employed in the 

PACE 6»a6 * RCVD AT SOttOW 9:37:48 AM [Eastern Standard Tlmel • SVR:USI»TO-EFXRF-1/24 • ONIS:2731343 • CSID:1 212 336 8001 * DURATION (mm-ss):19-18 



l1flR-03-2B05 09 : 57 



RRE 



1 212 336 8091 P. 56 



85 

the counter electrode 6 and the working electrode 5 by the 
supply of the specimen to the specimen supply path but no 
current is thereafter generated between the counter electrode 6 
and the detecting electrode 7 for the prescribed period of time, 
the CPU 120 judges that there is a shortage of the specimen 
amount, and this is displayed on the LCD 121. Even when the 
specimen is supplemented to the specimen supply path after the 
LCD 121 once displays that there is a shortage of the specimen 
supply, the CPU 120 does not start the quantification operation. 

As described above, according to the quantification method 
employing the biosensor in the seventh embodiment of the 
present invention, when the specimen is drawn into the specimen 
supply path of the biosensor A, and electrical changes occur 
between the counter electrode 6 and the working electrode 5 
while no electrical change occurs between the counter electrode 
6 and the detecting electrode 7, the quantification apparatus 
M3 displays on the LCD 121 that there is a shortage of the 
specimen supply and informs a user of the fact, thereby 
enhancing the convenience and safety at the measuring. 
(Embodiment 8 ) 

Hereinafter, a quantification method for quantifying a 
substrate qo defined in Claim 3D or 40 of the prcoent invention 
and a quantification apparatus for quantifying a substrate -a^ 
defined" in Claimo 42 to 4 4 of the pres e nt - invention / which 
employ any of th© biosensors A to D whose electrical conductive 
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